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Abstract
We report the results of a series of multiple regression analyses conducted on the Dundee Corpus, a corpus of eye-movement data
obtained from ten British and ten French young adults as they read newspaper articles (the equivalent of more than 52,000 words per lan-
guage) presented on a screen, Wve lines at a time. Inspection parameters (inter-word saccade latency, saccade extent, skipping probability,
Wrst Wxation and gaze duration and number of Wxation) were all determined in part by properties deWned beyond the level of individual
words, e.g., the relative or mean length of adjacent words rather than individual word length. Properties deWned at this level do not feature
in any current model of eye-movement control in reading. Moreover, foveal inspection time was found to vary as a function of the prop-
erties of words in the parafovea (lexical frequency for English; initial trigram informativeness for French). We account for these results by
proposing a process monitoring mechanism, in which a number of visual parameters simultaneously contribute to optimize visibility over
a sequence of adjacent words.
© 2006 Elsevier Ltd. All rights reserved.
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Visual inspection parameters during reading are subject
to sources of inXuence that can be characterized to diVering
degrees as ‘local’ or ‘global’. Local properties are so deWned
because they relate to the properties of only one word, or
aVect the processing of one word. In contrast, global
sources of inXuence relate to properties computed over
more than one word and act to modify inspection parame-
ters over sequences of words or, at the limit, a text passage
as a whole. Some text properties appear to operate at both
local and ‘global’ levels. The main aim of the present study
was to try to disentangle some of these sources of inXuence
and examine their possible interactions.
 The authors are grateful to Keith Rayner and Reinhold Kliegl for
comments that have helped to clarify the issues raised in this paper.
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doi:10.1016/j.visres.2006.07.004Prime candidates for factors operating at a purely local
level are word length and word frequency. Indeed, the focus
of recent models of eye-movement control in reading, such
as the E-Z Reader model (Pollatsek, Reichle, & Rayner,
2006; Reichle, Pollatsek, Fisher, & Rayner, 1998; Reichle,
Rayner, & Pollatsek, 2003) has been on the role played by
these two factors, reXecting the broad consensus that they
comprise a signiWcant part of the “engine” driving the eyes
through text (Murray, 2003). Word length is the most sig-
niWcant determinant of both initial landing position
(McConkie, Kerr, Reddix, & Zola, 1988) and word skip-
ping (Brysbaert & Vitu, 1998; Rayner, 1998; Rayner &
McConkie, 1976). Word frequency has powerful eVects on
initial Wxation duration, single Wxation duration and gaze
duration (Altarriba, Kroll, Sholl, & Rayner, 1996; Hender-
son & Ferreira, 1990, 1993; InhoV & Rayner, 1986; Kenni-
son & Clifton, 1995; Raney & Rayner, 1995; Rayner, 1977;
Rayner & DuVy, 1986; Rayner & Fischer, 1996; Rayner,
Fischer, & Pollatsek, 1998).
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potential source of inXuence is constituted by the local con-
text a word is embedded in. For example, Kliegl, Nuth-
mann, and Engbert (2006) show that the time spent on a
word depends on the length and frequency of both the pre-
ceding and following words, suggesting that while a given
foveal word is Wxated, processing operations on the preced-
ing word are still in progress and the processing of the fol-
lowing word is already engaged. Distributed lexical
activation of this kind is, of course, a key feature of the par-
allel processing model, SWIFT (Engbert, Longtin, & Kliegl,
2002; Engbert, Nuthmann, Richter, & Kliegl, 2005). A simi-
lar inXuence of word n + 1 frequency on word n inspection
strategies has been reported by Kennedy (2000), Kennedy,
Pynte, and Ducrot (2002), and Kennedy and Pynte (2005).
In these latter studies, the relative constraint (or ‘informa-
tiveness’) of a word about to be Wxated was also shown to
aVect foveal processing time. To account for such a pattern
of results, we proposed an alternative parallel processing
mechanism (the Visibility Hypothesis), with a diVerent sin-
gle motivating factor, namely a process-monitor sensitive
to processing success over a small number of adjacent
words. Central to the Visibility Hypothesis is the idea that
the timing of pre-lexical, sub-lexical and lexical processing
occurs in parallel over several words, with inter- and intra-
word saccades deployed to optimise visibility over a group
of words. Depending on the nature of the processes carried
out in parafoveal vision, the system may decide to continue
processing words n and n + 1 from the current location
(“stay”), move to the next word (“go”), or re-Wxate a cur-
rently Wxated word to improve parafoveal visibility
(“shift”). The notion that word n + 1 properties inXuence
the visual inspection of word n obviously involves aban-
doning a key assumption of models involving a strictly
serial allocation of attention and the evidence on this point
remains contentious (e.g., see Rayner, Reichle, & Pollatsek,
2005; Rayner, White, Kambe, Miller, & Liversedge, 2003).
At one step further than purely local context, more remote
sources of inXuence may be identiWed. A particularly signiW-
cant example of such a factor is the degree to which a given
word can be predicted. Lexical, syntactic, thematic and
pragmatic features converge to determine this property. Pre-
dictability aVects both temporal and spatial aspects of eye-
movement control (Altarriba et al., 1996; Ashby, Rayner, &
Clifton, 2005; Balota, Pollatsek, & Rayner, 1985; Calvo &
Meseguer, 2002; Drieghe, Brysbaert, Desmet, & De Baecke,
2004; Frisson, Rayner, & Pickering, 2005; Kliegl et al., 2006;
Kliegl, Grabner, Rolfs, & Engbert, 2004; Rayner, Ashby, Poll-
atsek, & Reichle, 2004; Rayner, Binder, Ashby, & Pollatsek,
2001; Rayner, Warren, Juhasz, & Liversedge, 2004; Rayner &
Well, 1996; Vonk, Radach, & van Rijn, 2000). In the sense
that measured predictability reXects information derived from
a potentially unlimited number of preceding words (typically
computed using a cloze procedure), it could be considered to
reXect global knowledge. But it may also be considered as
having local eVects, because its inXuence is assumed to be spe-
ciWc to the identiWcation of a given word in a given position.Other properties deWned beyond the level of the word
(or even beyond the level of whole texts) may be identiWed
as a source of inXuence on reading strategy. Examples of
global eVects of this kind can be found in the literature
dealing with naturalistic reading of normal texts. For exam-
ple, Hyönä, Lorch, and Kaakinen (2002) demonstrate sys-
tematic diVerences between groups of participants in the
way expository text are summarized, with what they term
“slow linear readers” being generally slower than other
readers. In this case, the diVerences were conWned to re-
reading, and did not involve the patterns of forward Wxa-
tions on the Wrst-pass. But other studies show diVerences in
both processing time and skipping rate which relate to
either task properties (Heller, 1982; Rayner & Fischer,
1996; Tinker, 1958) individual diVerences in working mem-
ory span (Kennison & Clifton, 1995) or more general diVer-
ences in reading skill (see Radach & Kennedy, 2004;
Rayner & Juhasz, 2004, for brief reviews). A particularly
vivid attempt to capture such global diVerences is provided
by O’Regan and colleagues (O’Regan, 1989, 1990; O’Regan
& Lévy-Schoen, 1987), contrasting a “cautious” reading
strategy, in which readers process word-by-word, aiming
for the Optimal Viewing Position in succeeding target
words, with a “risky” reading style in which fewer Wxations
are deployed over a larger span of words. In this latter case,
the consequential degradation in global visibility might be
accepted as a price worth paying for more rapid processing.
Finally, inspection strategy over text is inXuenced by a
number of non-linguistic determinants, related to the fact
that texts are also physical (visual) objects. Readers code
the spatial location of ‘word objects’ using salient local
frames as a co-ordinate system, an example of what Wade
and Swanston (1996), refer to as ‘pattern-centric’ coding
(Kennedy & Murray, 1987; Pynte, Kennedy, Murray, &
Courrieu, 1988). Two such salient local frames are the page
(or screen) boundary and the spatially extended printed line
itself (see Kennedy, Brooks, Flynn, & Prophet, 2002, for a
review). The derivation of such a spatial code is implicated
in the development of skilled reading, with spatial informa-
tion playing a role in the direction of large re-inspecting
saccades used to resolve anaphoric reference or to mend
parsing errors (Murray & Kennedy, 1988). Using an experi-
mental task restricted to the processing of isolated words,
Vitu, Kapoula, Lancelin, and Lavigne (2004) (see also Vitu,
2003) have recently conWrmed the existence of such an
inXuence on saccade programming. Their procedure con-
trolled for the eyes’ location in the head—a possible artifact
when measuring spatial coding across a line of text—by
maintaining the viewer’s initial line of sight invariably in
the straight ahead position. Their results (Experiment 3)
clearly show an inXuence of relative screen location on ini-
tial launch site. Vitu et al. (2004) interpret the outcome in
terms of a bias (or deviation of the eyes) towards the centre
of a visual display, but concede that other interpretations
might be possible. In particular, saccades might be planned
in a coordinate system deWned by the visually salient screen
boundary.
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strategy can be characterized along several dimensions (for
example, some concern physical or visual properties
whereas others relate to linguistic properties). In terms of
the distinction between local and global properties, the
locus of operation of some properties seems obvious. For
example, length, whether seen as local (e.g., the length of a
particular word) or global (the length of line of text) must
be a low-level property, and lexical frequency a high-level
property. Other potentially important factors, such as ini-
tial letter informativeness are less easy to characterize
because they appear to act at an intermediate-level, being
implicated in the selection of lexical candidates prior to
identiWcation. This distinction has become important in the
context of the debate between advocates of serial and paral-
lel models of eye-movement control in reading. That is,
some parallel processing is to be found in all models, the
question is how much and at what level? It should be noted,
however, that the contrast between local and global sources
of information is orthogonal to the issue as to whether a
serial or parallel architecture is better: both E-Z Reader
and SWIFT are primarily concerned with modeling the
eVects of factors we would deWne as ‘local’. As noted above,
individual word length and frequency (both local factors)
play a key role in E-Z Reader, while in the SWIFT model
landing position in words, within-word reWxations and
word skipping are all contingent on the current state of lex-
ical activation, a local variable, albeit deWned across a
visual Weld comprising several words.
It must be acknowledged that little systematic is known
about the mechanisms responsible for global inXuences
over eye-movement control. How do properties deWned
over a sequence of words produce a (possibly temporary)
modiWcation to inspection parameters? The present paper
represents some initial steps in identifying the action of
‘tuning’ mechanisms that act to modulate inspection as a
function of properties deWned over several preceding words
in the text being read. As an illustration, consider an earlier
analysis by Kennedy and Pynte (2005) of the Dundee Cor-
pus (comprising eye-movement data obtained from British
and French young adults as they read newspaper articles in
the French newspaper, Le Monde or the English newspaper
The Independent.). Only local factors were entered as inde-
pendent variables, but it was immediately apparent that
French texts were processed more slowly than English texts
(see Table 1). Although participant groups were matched,
the degree to which this outcome might have reXected
Table 1
Mean inspection parameters for English and French
Note: The values presented were computed with no constraint on launch
site or word length (the mean values obtained in the present study are in
brackets).
Sac. size Skip. prob. 1st Wx. dur. Num. Wx. Gaze dur.
English 9.6 (8.17) 0.46 (0.48) 204 (201) 1.18 (1.15) 236 (227)
French 10.0 (8.66) 0.44 (0.43) 249 (244) 1.26 (1.22) 303 (290)diVerences in reading skill among the participants could not
be answered on the basis of these data, but they did allow
for an analysis in terms of local independent variables.
At Wrst sight, the outcome appears to reXect the fact that
average word length is longer in French than in English (4.7
vs. 5.2 characters in the Dundee Corpus), but it could not
have arisen solely through variation in local word length,
because diVerences in processing speed were present at each
word length. The fact that words are longer on average in
French appears to have more subtle consequences: it alters
the probability that a given individual target word will be
of a particular length, changes average length over any rela-
tively long sequence of words (and the text as a whole), and
changes the probability, for any given word, that preceding
and following words will be longer on average. The crucial
point is that these are all relationships involving properties
computed over sequences of words (i.e., global eVects in the
sense described above) and any of them could theoretically
be responsible for part of the obtained diVerence in process-
ing time.
Obviously, sets of independent variables, local or global,
are very likely to be correlated with each other in a corpus
of eye-movement data, and some quite strongly. With a
limited set of variables it is possible to address this problem
by the use of post hoc factorial manipulation in a quasi-
experimental design. There are some advantages to this
approach, and it was used in the study by Kennedy and
Pynte (2005), but it rapidly becomes unrealistic as the num-
ber of relevant variables increases. For this reason, in the
present study the independent inXuence of the range of
variables on various parameters of visual inspection was
assessed using a series of Multiple Regression analyses. Fol-
lowing extensive pre-testing of the data-set to determine the
range of contextual inXuences, independent variables were
selected to maximise the chances of determining how global
diVerences might be manifested at a Wner–grain level of
visual inspection (e.g., at the level of the word or of several
words), and to shed some light on the nature of language-
or text-related performance diVerences. They are listed in
Sections 1.1–1.7 below.
1.1. Lexical frequency
This is known to inXuence Wrst Wxation duration and
gaze duration. However, in line with Kennedy and Pynte
(2005), under appropriate conditions of visibility we also
predict the occurrence of parafoveal-on-foveal eVects in
an orthodox direction (i.e., an increase in foveal process-
ing time associated with lower-frequency words in
the parafovea). The importance of lexical parafoveal-on-
foveal eVects is that they provide an index of parallel
processing. In this context it should be noted that glob-
ally poorer reading performance could be a consequence
of less than optimal parafoveal processing (arising from
individual diVerences in reading skill or reading strategy,
or as a consequence of either text-level or language-level
factors). Word frequency was assessed directly from the
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English and French texts.1
1.2. Initial trigram informativeness
This independent variable corresponds to the type fre-
quency, or constraint, of a given trigram (i.e., the number of
diVerent words of the same length consistent with the initial
letters of the word in question). Following Pynte, Kennedy,
and Murray (1991), we refer to highly constrained words,
with few words sharing their initial letters, as “Informa-
tive”. For example, the word ‘obvious’ is the only 7-letter
word (in the Dundee Corpus) starting with the trigram
‘obv’. For this reason, ‘obvious’ can be considered as hav-
ing an informative beginning. By contrast, the word
‘strange’ has an uninformative beginning, since its initial
trigram ‘str’ is consistent with seven 7-letter words in the
Dundee Corpus (strange, striker, strings, streets, stretch,
strikes, strokes). The measure should be distinguished from
initial letter familiarity (i.e., the token frequency of a given
initial sequence of letters computed by summing the lexical
frequency of words sharing initial letters) and, in fact, does
not correlate with that variable in the Dundee Corpus
(r D ¡.04 and ¡.03 for English and French, respectively).
On the other hand, initial letter familiarity obviously corre-
lates very strongly with lexical frequency (r D .83 and .80 for
English and French, respectively) and is not, for that rea-
son, further considered here. The correlation between
Informativeness, and Frequency was also very low (r D .10
and .21 for English and French, respectively). A full correla-
tion matrix for all the independent variables used in the
present study is presented in Appendix.
1.3. Word length
This was included as a prototypical “low-level” factor,
expected to exert an inXuence on saccade extent (McCon-
kie et al., 1988; McConkie, Kerr, Reddix, Zola, & Jacobs,
1989; O’Regan, 1980; Rayner, 1979). Individual word
length was included as an independent variable primarily
because diVerences between English and French in the
Dundee Corpus might reXect in some way the fact that
average length in the two languages diVers. However, as
noted above, variation in individual target word length
(i.e., a local factor) is almost certainly not the sole deter-
minant of observed language diVerences in saccade extent
in the corpus. This is illustrated in Fig. 1, where average
incoming saccade extent for English and French is plotted
as a function of individual target length. The fact that a
language diVerence is observed at each individual length
leaves open the possibility that saccade extent is inXu-
enced by global properties.
1 The correlation between this local measure of frequency and relevant
norms (Content, Mousty, & Radeau, 1990; Kuçera & Francis, 1967) was
>0.95.1.4. Length of previous words
The length of words n ¡ 1, n ¡ 2 and n ¡ 3 was included
in the model. The individual length of the words immedi-
ately prior to a given Wxation (i.e., a set of local variables) is
an important parameter of visual inspection strategy, since
it is highly likely to inXuence launch distance from a given
target. Preliminary analyses indicated that this was the case:
the length of the saccade directed towards a given word n
was strongly dependent on the length of words n ¡ 1 and
words n ¡ 2, less inXuenced by the length of word n ¡ 3, and
not inXuenced at all by the (individual) length of words
n ¡ 4, n ¡ 5, etc.
1.5. The average length of words n ¡ 4 ƒ n ¡ 10
This independent global variable was included in the
analyses (along with length variance, discussed in Section
1.6) to tap into inspection strategies deWned at a level
beyond that of individual words. The variable can be con-
sidered as intermediate between individual target length
and average word length deWned at the level of a particular
language. Its potential inXuence arises from the fact that
reading parameters may be set to default values for seg-
ments of text, or a text passage as a whole, with global per-
formance related to such reading strategies. For example,
readers may adjust saccade size as a function of their
knowledge of the average length of the words in a particu-
lar language, acquired over long experience, but also as a
result of the ‘tuning’ of saccade size in response to proper-
ties of sequences of words deWning a local context. If read-
ers adapt inspection parameters in this way, performance
will vary as a function of properties of preceding words
outside the immediate visual span deWned in Section 1.4.
We predict such eVects to operate independently of the
eVects of the length of the particular targeted words. Turn-
ing to the derivation of the particular independent variable,
the decision to measure length averaged over seven words
(words n ¡ 4 ƒ n ¡ 10) was arbitrary. The number had to be
high enough in order to reXect the mean word length of
previous text; but taking into account too many words
would have led, at the limit, to the same value whatever the
position in text. In interpreting the results it should be
borne in mind that for a signiWcant proportion of cases the
Fig. 1. Saccade extent for English and French as a function of target
length.
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and words on the previous line of text.
1.6. The standard deviation of word length computed over 
words n ¡ 4 ƒ n ¡ 10
If inspection parameters are set to default values for a
whole text passage, visual inspection should be facilitated
by text that has relatively low length variance. This consid-
eration leads to the derivation of a further global indepen-
dent variable. Since text with high length variance should
provoke a higher proportion of bad landing positions, high
variance should result in more intra-word reWxations.
Given the data in Table 1, the implications of this for cross-
language diVerences are obvious.
1.7. Rank of the current word within the current line
The relative physical position of a currently Wxated word
on a line of text was included as a global independent vari-
able on the basis of data suggesting that readers code the
spatial location of ‘word objects’ using salient local frames
as a co-ordinate system. If the screen boundary acts as a
salient frame during reading, the relative position of a word
on a line will modulate saccade extent.2 Preliminary analy-
ses over the Dundee Corpus indicated that this was indeed
the case: Fig. 2 shows saccade size for English and French
plotted as a function of the position of the target word
within the current line. Although the relation is not linear, a
linear component is clearly present for French. Such cross-
language diVerences point to constraints on the availability
of this type of visuo-spatial information, or on the ability of
groups of readers to make strategic use of it. The shape of
the curves, with shorter saccades at the beginning and end
of the line, points to the existence of a motor program mod-
ulating saccade planning over a whole line of text at a time.
Given the shape of the curve in Fig. 2, both quadratic and
linear trends were included in the model.
2 It could be argued on the basis of the results of Beauvillain and Doré
(1998) that diVerent salient local frames operate for diVerent classes of
saccade. The screen boundary may deWne the coordinate system for inter-
word saccades, but the word boundary itself may function as the equiva-
lent coordinate system for intra-word saccades.
Fig. 2. Saccade extent for English and French as a function of target posi-
tion in the line of text.
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2.1. The Dundee Corpus
The English language corpus is based on text taken from editorials in
The Independent newspaper. Eye-movement data were acquired from a
sample of ten native English-speaking participants, tested in Dundee. They
read texts comprising 56,212 tokens and 9776 types in total, presented on a
screen Wve lines at a time, double-spaced, using a line length of 80 charac-
ters. The position of the right eye was sampled every millisecond, using a
Dr. Bouis Oculometer Eyetracker. The viewing distance was 500 mm and
one character subtended approximately 0.3° of visual angle. The French
Language corpus is based on editorials and other extended articles in Le
Monde and comprises 52,173 tokens and 11,321 types. Data were acquired
from a sample of ten native French-speaking participants with equipment,
control software, instructions, and data-reduction software identical to
those employed for the English sample. Inspection parameters were com-
puted using statistical algorithms based on the resolution of the data for
each individual participant with respect to the obtained noise in a given
data set. The eVective resolution of the eye-tracking system was consider-
ably better than one character position (see Kennedy & Pynte, 2005, for
further details).
2.2. Selection criteria
For selection in the present study, words must have received at least
one Wxation during Wrst-pass reading (except for the measure of skipping
probability), and have a launch site located within word n ¡ 1. The Wrst
word in each line was thus excluded from the data set. Since we were also
interested in the possible inXuence of material located on the right of a
given Wxation, the Wnal word on each line was never deWned as the foveal
word. In addition, all words preceded or followed by a punctuation mark
were excluded, as well as all cases where the following word was followed
by a punctuation mark. This was done to avoid confounds with possible
“wrap-up” eVects associated with terminal punctuation and to ensure that
word length estimates related only to characters. Since we were interested
in the possible inXuence of the initial trigram informativeness of both
word n and word n + 1, only those cases for which both word n and word
n + 1 were more than two-characters long were considered. After selection,
4951 cases were available for analysis on average for each English partici-
pant, and 3456 for French participants. The mean word length, lexical
frequency, and initial trigram informativeness in English and French for
the restricted data set are given in Table 2. The comparison with the full
data set (in brackets) indicates a few diVerences that can be explained by
the exclusion of 1- and 2-character words.
2.3. Independent variables
Each word in the selected data set (referred to as the foveal word, or
word n, hereafter) was associated with 13 properties (or independent vari-
ables), namely the three word level properties deWned in Section 1 (word n
length, lexical frequency, and initial trigram informativeness), the same
three properties of the following word (referred to as the parafoveal word,
or word n + 1, hereafter), Wve properties concerning the ten previous
words: the length of word n ¡ 1, word n ¡ 2 and word n ¡ 3, the mean
length of words n ¡ 4 ƒ n ¡ 10, and length variation (standard deviation)
Table 2
Properties of English vs. French texts
Note: Values in brackets correspond to the full set of words (i.e., before
selection). Length SD, overall length standard deviation; Num. cand.,
mean number of words consistent with (lexical candidates likely to be acti-
vated by) the three initial letters of a word.
Length SD Mean length Frequency Num. cand.
English 2.50 (2.76) 6.25 (4.7) 189 (540) 6.3 (4.3)
French 2.79 (3.30) 6.64 (5.2) 106 (410) 9.9 (7.0)
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in the current line (linear and quadratic trends).
To maintain comparability in the analyses of the two languages, the
measures of lexical frequency and initial trigram informativeness were
based on the texts used in the Dundee Corpus. The measures were submit-
ted to log transformation before being included in the regression analyses.
As noted in Section 1.2, initial trigram informativeness corresponds to the
number of diVerent words (of a given length) in the corpus sharing the
same initial trigram.
2.4. Dependent variables
Each word in the data set was also associated with Wve inspection
parameters, namely: the entering saccade extent, skipping probability, Wrst
Wxation duration, Wrst-pass number of Wxations, and Wrst-pass gaze dura-
tion (i.e., the sum of the Wrst-pass within-word Wxations). Each inspection
parameter was taken as the dependent variable in a separate regression
analysis, with the 13 properties mentioned above entered as independent
variables.
2.5. Procedure
The procedure involved computing regression equations separately for
each participant, and then testing the null hypothesis for each that the
regression coeYcient did not reliably diVer from zero using one-sample t-
tests (Lorch & Myers, 1990, Method 3). The eVects of 13 variables were
tested on Wve measures of visual inspection, including inter-word saccade
size, skipping probability, Wrst Wxation duration, number of Wrst-pass Wxa-
tions per word, and Wrst-pass gaze duration. As noted in Section 2.3, the 13
independent variables were the length, log local frequency, and log initial
trigram informativeness of the current (foveal) and next (parafoveal)
word; the length of words n ¡ 1, n ¡ 2 and n ¡ 3; the mean word length
and associated length standard deviation, computed across words
n ¡ 4 ƒ n ¡ 10; and the rank position of the current word in the current
line (linear and quadratic trends).
3. Results and discussion
In this section, we report the results of repeated mea-
sures multiple regression analyses carried out for four main
dependent variables (parameters of visual inspection) enter-
ing 13 independent variables, corresponding to properties
deWned at the level of the line; properties of the preceding
words; properties of a given word n; and properties of the
succeeding word, n + 1 (see Sections 1.1–1.7). A prior analy-
sis was conducted with saccade extent as the dependent var-
iable. The results of this preliminary analysis are presented
in Table 3. Because of its relation to potential determinants
of foveal inspection performance (e.g., amount of preview
available), saccade size was subsequently added to the list
of independent variables used in the analyses conducted for
skipping probability, Wrst Wxation duration, number of Wxa-
tions and gaze duration (see Kliegl et al., 2006 for a discus-
sion). The results for these four dependent variables are
grouped in Table 4a. Interactions between word level and
beyond-the-word level independent variables were tested in
a series of additional analyses conducted separately for
interactions involving rank-in-line on the one hand, and
interactions involving average length of words
n ¡ 4 ƒ n ¡ 10 on the other hand. These results are reported
in Table 4b. Only interaction terms are reported in this
table, although the full list of independent variables wasincluded in the analyses. In each table, un-standardized
regression coeYcients (B) and associated standard errors
(SE) are given for the whole group of 20 participants.
Asterisks correspond to signiWcant eVects (p < 0.05, df D 19
in each case). The median and range of multiple Rs (last
row of each table) provide an indication of the Wt for each
dependent variable.
Although, in the interests of concision, only the signiW-
cance of analyses for the whole set of participants (N D 20)
is shown in the Tables, it is important to note that separate
analyses were also carried out for English and French par-
ticipants separately (N D 10 in each case). In order to com-
pare the two groups of participants, t tests for independent
groups were also computed for each dependent variable.
Figures are provided in the case of complex interactions
with error bars indicating within-subject 95%-conWdence
intervals (Loftus & Masson, 1994). For main eVects, two
mean values are provided in the text, together with the cor-
responding 95%-conWdence interval. These mean values are
for two classes of the independent variable in question,
obtained by median split.
The results will be dealt with in Wve sub-sections, corre-
sponding to (1) preliminary analysis, (2) skipping probabil-
ity, (3) foveal inspection: eVects beyond the level of the
word, (4) foveal inspection: local eVects and (5) parafoveal-
on-foveal eVects.
3.1. Preliminary analysis: saccade extent
3.1.1. Properties of words prior to a target word
Saccade extent towards a given word was aVected by the
length of the immediately preceding words. A signiWcant
eVect was found for both the immediately prior word and
Table 3
Regression coeYcients with associated standard errors from rmMRAs of
saccade extent
Note: Asterisks correspond to signiWcant eVects (p < .05).
B SE
Rank
Lin. trend 0.3285 0.0522*
Qua. trend ¡0.0153 0.0028*
Preceding words
n ¡ 4 ƒ n ¡ 10 SD ¡0.005 0.0029
n ¡ 4 ƒ n ¡ 10 mean 0.0597 0.02*
n ¡ 3 length ¡0.002 0.0065
n ¡ 2 length 0.267 0.0191*
n ¡ 1 length 0.4345 0.0176*
Word n properties
Length 0.2587 0.0124*
Frequency 0.0271 0.0145
Informativ. 0.0701 0.015*
Word n + 1 properties
Length 0.0142 0.0082
Frequency ¡0.004 0.0096
Informativ. 0.0236 0.013
Median R, range .40 .30 .55
3792 J. Pynte, A. Kennedy / Vision Research 46 (2006) 3786–3801the word prior to that (t(19) D 24.66 and 13.94, respectively,
p < 0.05), probably as a consequence of variations in launch
distance. The corresponding mean values for short vs. long
preceding words (two classes obtained by median split)
were 6.48 § 0.21 vs. 8.48 § 0.21 characters for word n ¡ 1;
and 7.53 § 0.19 vs. 7.43 § 0.19 for word n ¡ 2. At three
words back there was no measurable eVect (t(19) D 0.31),eVectively deWning the limit of the inXuence exerted by indi-
vidual word length.
3.1.2. “Global” properties
There was a signiWcant main eVect of the position of word
n in the current line of text. Both linear and quadratic trends
were signiWcant (t(19)D6.29 and 5.39, p<0.05, respectively;Table 4a
Regression coeYcients with associated standard errors from rmMRAs of skipping probability, Wrst Wxation duration, number of Wxations and gaze
duration
Note: Asterisks correspond to signiWcant eVects (p < .05).
Skipping prob. 1st Wx. duration Num. Wxations Gaze duration
B SE B SE B SE B SE
Saccade extent 0.0066 0.0004* 1.93 0.24* ¡0.0085 0.0014* ¡0.09 0.27
Rank
Lin. trend ¡0.0401 0.0044* 4.1 0.74* ¡0.0005 0.0041 4.42 1.14*
Qua. trend 0.0022 0.0003* ¡0.24 0.05* 0.0001 0.0003 ¡0.26 0.08*
Preceding words
n ¡ 4 ƒ n ¡ 10 SD 0 0.0002 ¡0.07 0.06 ¡0.0004 0.0003 ¡0.16 0.1
n ¡ 4 ƒ n ¡ 10 mean 0.0003 0.0017 0.4 0.36 0.0046 0.002* 1.16 0.61
n ¡ 3 length ¡0.0008 0.0006 0.14 0.13 ¡0.0014 0.0006* ¡0.22 0.18
n ¡ 2 length 0.0023 0.0006* ¡0.18 0.14 0.005 0.0008* 0.89 0.22*
n ¡ 1 length ¡0.0028 0.002 1.89 0.28* 0.0049 0.0011* 3.02 0.29*
Word n properties
Length ¡0.0586 0.0033* 1.22 0.33* 0.0584 0.006* 13.36 1.33*
Frequency 0.044 0.0031* ¡3.71 0.36* ¡0.0007 0.0009 ¡4.29 0.44*
Informativ. ¡0.0232 0.0027* ¡0.35 0.35 ¡0.0235 0.003* ¡5,87 0.83*
Word n + 1 properties
Length ¡0.002 0.0017 ¡0.36 0.23 ¡0.0017 0.001 ¡0.68 0.36
Frequency 0.0165 0.0011* ¡0.72 0.29* ¡0.0035 0.0012* ¡1.65 0.32*
Informativ. ¡0.005 0.0014* ¡0.61 0.22* ¡0.0028 0.0019 ¡1.3 0.52*
Median R, range .58 .47 .70 .22 .12 .31 .34 .17 .51 .34 .21 .46Table 4b
Regression coeYcients with associated standard errors from rmMRAs of skipping probability, Wrst Wxation duration, number of Wxations and gaze
duration (interaction terms)
Note: Only interaction terms are reported, although all the predictors listed in Table 4a were also included in the analyses. Asterisks correspond to signiW-
cant eVects (p < .05).
Skipping prob. 1st Wx. Duration Num. Wxations Gaze duration
B SE B SE B SE B SE
Interactions with rank
n ¡ 4 ƒ n ¡ 10 mean 0.0023 0.0007* ¡0.29 0.14* ¡0.0004 0.0006 ¡0.52 0.18*
n length 0.002 0.0004* ¡0.1 0.06 ¡0.0001 0.0004 ¡0.21 0.11
n frequency ¡0.0004 0.0003 0.04 0.08 0.0008 0.0004 0.19 0.08*
n informativ. ¡0.0003 0.0006 0.17 0.13 0.0004 0.0006 0.3 0.19
n + 1 length 0.0009 0.0003* 0.05 0.05 ¡0.0005 0.0003 0 0.09
n + 1 frequency ¡0.0009 0.0003* ¡0.07 0.08 0.0004 0.0003 0.07 0.09
n + 1 informativ. ¡0.0001 0.0005 ¡0.05 0.15 0.0006 0.0007 0.11 0.15
Median R, range .59 48.70 .22 13.32 .34 18.51 .34 22.46
Interactions with averaged length
n length ¡0.0023 0.0008 ¡0.02 0.12 ¡0.0006 0.0012 ¡0.13 0.26
n frequency ¡0.0012 0.001 ¡0.38 0.23 ¡0.001 0.0009 ¡0.52 0.27
n informativ. 0.0022 0.0014 ¡0.73 0.23* 0.0021 0.0018 ¡0.51 0.33
n + 1 length 0.0019 0.0005* ¡0.19 0.17 0.0004 0.0009 ¡0.19 0.24
n + 1 frequency 0.0006 0.0008 ¡0.13 0.19 0.0005 0.0008 ¡0.11 0.28
n + 1 informativ. ¡0.0011 0.0011 0.28 0.29 0.0013 0.0015 0.7 0.39
Median R, range .59 .48 .70 .23 .12 .31 .34 .18 .51 .34 .22 .46
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tively, p<0.05). The average length of the seven words outside
the limit of the inXuence exerted by individual word length
deWned in Section 3.1.1 (i.e., words n¡4ƒn¡10 relative to a
given target) exerted a signiWcant inXuence on the size of the
saccade directed towards word n (t(19)D2.98, p<0.05). How-
ever, the eVect was only signiWcant for French (t(9)D1.89, n.s.,
and t(9)D2.22, p<.05 for English and French, respectively).
By deWnition, this eVect cannot reXect local modulation to
launch position (e.g., taking the form of a cascade of adjust-
ments caused by the occasional bad landings). Rather, the
result seems to reXect a genuine global (or strategic) eVect - a
tuning mechanism modulating saccade extent as a function of
the average length of a sequence of words just encountered,
but no longer visible. The operation of this tuning mechanism
diVered for saccades initiated at the beginning or end of a line
of text, however. This is illustrated in Fig. 3, in which saccade
extent for words located at the beginning and end of a line is
plotted as a function of the average length of words
n¡4ƒn¡10 (two classes obtained by median split). As is
apparent from the Wgure, the eVect of average length was only
present for end positions, presumably reXecting the fact that
inspection strategies developed at the level of the line stabilize
as the eyes move from left to right.
3.1.3. Target-word properties
On the basis of the studies reviewed in the Introduction, a
main eVect of target length on saccade extent is obviously pre-
dicted and our analysis conWrms this. Larger inter-word sac-
cades were associated with longer target words (t(19)D20.88,
p<0.05; t(9)D17.37 and 16.99 for English and French, respec-
tively, p<0.05). Saccade extent was also modulated to a sig-
niWcant extent by the initial trigram informativeness of the
Fig. 3. Size of incoming saccades as a function of the mean length of previ-
ous words (measured over words n ¡ 4 ƒ n ¡ 10), for English and French,
at the beginning (a) and at the end (b) of a line of text.
a
btarget word (t(19)D4.66, p<0.05; t(9)D2.81 and 4.70 for
English and French, respectively, p<0.05). This outcome sug-
gests that the more informative a word’s beginning (i.e., cases
where fewer lexical candidates will be generated), the shorter
will be the saccade directed towards it (7.08§0.01 characters
for highly informative beginnings vs. 7.69§0.01 for less infor-
mative beginnings). In other words, although the meaning of
target words is generally held not to inXuence saccade extent
(Rayner, 1998) the number of lexical candidates likely to be
generated from an un-Wxated word in parafoveal vision does
exert an inXuence. It follows that properties of a target word
other than its length aVect the “where?” decision (Vonk et al.,
2000).
3.2. Skipping probability
The results of the analysis for skipping probability are
presented in the Wrst columns of Tables 4a and 4b. Since a
primary focus of this paper is possible global eVects, these
will be discussed Wrst. It should be borne in mind that sac-
cade size, which is itself subject to global inXuences (i.e.,
deWned beyond the level of the word), is included as an
independent variable in analyses of skipping probability.
3.2.1. The inXuence of saccade size
As might be expected, the larger the saccade exiting a
given word, the higher the probability that the word located
immediately to its right would be skipped (0.28 § 0.02 vs.
0.60 § 0.02 for short and long saccades respectively;
t(19) D 16.31, p < 0.05, t(9) D 15.74 and 9.11 for English and
French, respectively, p < 0.05). Although saccade size and
skipping probability are eVectively two sides of the same
coin, it is important to note that other variables exerted an
inXuence independent of saccade size. These are dealt with
in the following sections.
3.2.2. Rank-in-line and word n ¡ 4 ƒ n ¡ 10 average length
The rank position of word n on the current line exerted
an inXuence on skipping probability (t(19) D 9.06 and 7.34
for the linear and quadratic trends respectively, p < 0.05;
t(9) D 6.09, 4.71 and 6.48, 5.51 for English and French
respectively, p < 0.05). Somewhat surprisingly, the sign of
both regression coeYcients was negative: that is, skipping
rate decreased as rank position across the line increased.
Moreover, rank position interacted with the average word
length of words n ¡ 4 ƒ n ¡ 10 (t(19) D 3.24, p < 0.05). The
form of the interaction is illustrated in Fig. 4 in which skip-
ping probability for short (Fig. 4a) and long words (Fig. 4b)
located at the beginning and end of a line are plotted as a
function of n ¡ 4 ƒ n ¡ 10 average length (solid lines for
English; dotted lines for French).
3.2.3. Target word length
Fig. 3 also conWrms the long-established observation
(Rayner, 1998) that shorter target words are associated
with an increase in skipping probability, with a signiWcant
main eVect of length (t(19) D 17.81, p < 0.05; t(9) D 11.33
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Interestingly, the analysis suggests that this eVect is also
subject to global modulation with signiWcant interactions
involving both position on the line (t(19) D 4.49, p < .05)
and the average length of (remote) prior words
(t(19) D 2.84, p < 0.05).
3.2.4. Target word frequency and initial trigram 
informativeness
As expected, skipping probability increased as a func-
tion of the target word’s frequency (t(19) D 14.08, p < 0.05;
t(9) D 10.24 and 9.24 for English and French respectively,
p < 0.05). It also increased as a function of the informa-
tiveness of the target’s initial letters (with more skips
when fewer candidates were likely to be generated,
t(19) D 8.48, p < 0.05; t(9) D 10.91 and 4.13 for English and
French respectively, p < 0.05). The corresponding mean
values are 0.26 § 0.02 vs. 0.66 § 0.02 for low- and high-fre-
quency words, respectively; and 0.55 § 0.04 vs. 0.35 § 0.04
for informative vs. less informative initial letters, respec-
tively. This is further conWrmation of the suggestion made
by Brysbaert, Drieghe, and Vitu (2005) (see also Brysbaert
& Vitu, 1998; and Hyönä, 1995) that although word-skip-
ping is primarily controlled by target length, lexical and
sub-lexical properties also play a role. The outcome is pat-
ently not consistent with the claim that word-skipping
arises solely as a result of the execution of autonomous
saccades (e.g., the kind of mechanism entertained by Yang
& McConkie, 2001). It will be recalled that saccade extent
was found to be shorter when landing on words with an
informative beginning. However, this is not in conXict
Fig. 4. Probability of skipping short (a) and long words (b) as a function
of the mean length of previous words (measured over words
n ¡ 4 ƒ n ¡ 10), for English and French, at the beginning and at the end
of a line of text.
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Long wordswith the result that skipping probability increases for
words with an informative beginning, since cases where
the previous word was skipped were excluded from the
analysis of saccade extent (launch site had to be within
word n ¡ 1). The full pattern of results suggests that infor-
mative words were more often skipped than non-informa-
tive ones, but when they were not skipped (that is when
they could not be identiWed and/or guessed from parafo-
veal vision), landing position was left shifted.
3.2.5. Word n + 1 properties
The probability of skipping word n also depended on
two properties of the word lying beyond the target word,
namely the frequency or word n + 1 (0.43 § 0.01 vs.
0.48 § 0.01 for high- and low-frequency words, respec-
tively), and the informativeness of its initial letters
(0.47 § 0.01 vs. 0.44 § 0.01 for informative and less infor-
mative words, respectively). Both eVects were signiWcant
in the combined analysis (t(19) D 14.44, and 3.44, respec-
tively, p < 0.05). Whereas the eVect of word n + 1 fre-
quency was signiWcant for both English and French
(t(9) D 9.45 and 11.49, respectively, p < 0.05), the eVect of
initial letter informativeness should be interpreted with
caution because it may possibly reXect a language (or
text) diVerence. In the case of French, as the informative-
ness of word n + 1’s initial letters increased (i.e., fewer lexi-
cal candidates would be generated from the sequence of
initial letters), the probability that word n would be
skipped clearly increased, t(9) D 5.07, p < 0.05. Although in
the same direction, the eVect was not, in fact, signiWcant
for English, (t (9) D 1.54). The inXuence of properties of
the word lying beyond the target also varied as a function
of the rank position of the word on the current
line (t(19) D 3.00. p < 0.05 for the interaction with parafo-
veal frequency and (t19) D 3.55 for the interaction with
parafoveal length). Importantly, however, there was no
cross-over.
3.3. Foveal inspection strategy: global eVects
In this section, we deal with Wrst Wxation duration, num-
ber of Wxations and gaze duration (see Tables 4a and 4b).
Given the pattern of results found in the analysis of skip-
ping probability (Section 3.2), it is important to note that
the data set used for the analysis of foveal inspection was
restricted to trials in which word n ¡ 1 was not skipped.
Moreover, as for in analysis of skipping probability, sac-
cade size was included as an independent variable in the
model.
3.3.1. The inXuence of saccade size
The eVect of saccade size was signiWcant in analyses of
Wrst Wxation duration (t(19) D 7.99, p < 0.05; t(9) D 4.49
and 7.43 for English and French, respectively, p < 0.05)
and number of Wxations (t(19) D 5.88, p < 0.05; t(9) D 4.58
and 3.63 for English and French, respectively, p < 0.05).
The fact that longer Wrst Wxation duration is associated
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ms for short and long incoming saccades, respectively)
can fairly obviously be attributed to the parafoveal pre-
view beneWt obtained when an incoming saccade is short.
With regard to the number of Wxations, the two mean val-
ues obtained using the median split procedure were actu-
ally identical (1.19 Wxations for both short and long
incoming saccades), which suggests that the inXuence of
saccade size on this dependent variable must be consid-
ered with caution. Since the sign of the regression coeY-
cient for number of Wxations was negative, there might be
a trade-oV between the duration of the Wrst Wxation and
number of Wxations made on the foveal word: an increase
in Wrst Wxation duration was apparently balanced by a
decrease in number of Wxations. Consistent with this inter-
pretation, there was no eVect at all in the analysis of gaze
duration (t(19) < 1).
3.3.2. Individual length of words prior to a target word
Gaze duration on word n increased as the individual
length of words n ¡ 1 and n ¡ 2 increased (t(19) D 10.44
and 4.15 respectively, p < 0.05). The corresponding mean
values, obtained through median splits, were 252 § 3.93
vs. 266 § 3.93 ms for short and long words n ¡ 1, respec-
tively; and 258 § 1.96 vs. 259 § 1.96 ms for short and long
words n ¡ 2, respectively. This was accompanied by an
increase in Wrst Wxation duration so far as word n ¡ 1 was
concerned (t(19) D 6.70, p < 0.05; 216 § 3.20 vs. 230 § 3.20
ms for short and long words n ¡ 1, respectively). So far as
word n ¡ 2 was concerned, only the eVect on number of
Wxations was signiWcant (t(19) D 6.30, p < 0.05; 1.18 §
0.004 vs. 1.19 § 0.004 Wxations for short and long words
n ¡ 2, respectively). There was a modest eVect on the num-
ber of Wxations exerted from word n ¡ 3, taking the form
of a decrease in number as the length of word n ¡ 3
increased (t(19) D 2.31, p < 0.05; 1.19 § 0.01 vs. 1.18 § 0.01
Wxations for short and long words n ¡ 3, respectively). No
inXuence from word n ¡ 3 was apparent on either Wrst
Wxation duration or on gaze (t(19) D 1.09, and t(19) D 1.19,
respectively). In summary, only word n ¡ 1 exerted a clear
inXuence, with both a signiWcant eVect in the regression
analysis and a signiWcant diVerence between the two
means obtained by median split. Since saccade size was
included in the model, this eVect cannot plausibly be
attributed to variations in launch position. Similar spill-
over eVects (e.g., an inXuence of properties of word n ¡ 1
on gaze duration on word n) have been reported by Kliegl
et al. (2006). The outcome is consistent with the notion
that processing is distributed over several words in paral-
lel.
3.3.3. Average length of words n ¡ 4 ƒ n ¡ 10
The average length of words located further back in the
text, and not necessarily on the same line, aVected foveal
inspection parameters. In combined analyses involving
the full data set, the number of Wxations on word n
increased when the average length of prior wordsincreased (t(19) D 2.32, p < 0.05). This eVect on the number
of Wxations did not translate into a main eVect of gaze
duration, however. Rather, there was an interaction with
Rank Position (t(19) D 2.71, p < .05), suggesting that the
diVerence was only present for some rank positions. A
close examination of the data indicated the eVect was less
marked for words located at the end of the line. The anal-
yses conducted for the two language sets separately led to
contrasted outcomes. In analyses restricted to English, a
main eVect of the average length of words n ¡ 4 ƒ n ¡ 10
was found for both number of Wxations and gaze duration
(t(9) D 2.89 and 2.88, respectively, p < 0.05). The corre-
sponding mean values for low vs. high n ¡ 4 ƒ n ¡ 10
averaged length (two classes obtained by median split),
are as follows: 1.14 § 0.01 vs. 1.16 § 0.01 for number of
Wxations; and 224 § 0.88 vs. 231 § 0.88 ms for gaze dura-
tion. Although in the same direction, the equivalent eVects
were not signiWcant for French (t(9) D 0.84 and 0.44, n.s.,
for number of Wxations and gaze durations, respectively).
The interaction with Rank obtained for gaze duration was
signiWcant for French (t(9) D 3.01, p < .05) but not for
English (t (9) D 1.03, n.s.). We believe these to be novel
observations, suggesting that a signiWcant part of saccade
programming is determined at a level beyond that of the
individual word. Our claim is that readers are inXuenced
by the mean length of the words they have just read and
that this factor modulates eVects determined at the level
of the individual word. It is true, of course, that the eVect
was restricted to English texts (or English readers), but
this is because the equivalent modulation in French was
exerted, not by average length per se, but the variation in
word length in the previous text. Increasing length vari-
ance acted to shorten gaze duration for French
(t(9) D 2.55, p < 0.05; 291 § 2.05 vs. 287 § 2.05 ms for low
and high SD, respectively) with no diVerence in the case of
English (t(9) D 0.81, n.s.). The diVerence between the two
languages was signiWcant (t(18) D 2.63, p < 0.05). We shall
return to the issue of possible language diVerences in the
General Discussion.
3.3.4. Rank-in-line
Position on the line had no signiWcant eVect on the
number of Wxations made (t(19) D 0.12 and 0.20, n.s. for
the linear and quadratic trends, respectively). There was,
however, a signiWcant eVect on Wrst Wxation duration
(t(19) D 5.55 and 4.68, p < 0.05. for the linear and qua-
dratic trends, respectively; t(9) D 2.70, 2.35 and 6.32, 4.61
for English and French, respectively, p < 0.05), and for
gaze duration, restricted to the French data set. That is, as
the eyes moved from left to right along the line of text,
gaze duration per word appeared to increase for French
(t(9) D 3.82, 3.48, p < 0.05, t(19) D 3.88, 3.37, p < 0.05 for the
global analysis). Note however that the corresponding
mean values for words located at the beginning and end of
a line for French (two classes obtained by median split)
were quite close (241 § 3.66 vs. 245 § 3.66 ms for Wrst Wxa-
tion duration).
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3.4.1. Word n lexical frequency and length
Obviously, the lexical frequency of word n strongly
inXuenced both the duration of the Wrst Wxation on it
(t(19) D 10.17, p < 0.05; t(9) D 8.67 and 5.94 for English
and French, respectively, p < 0.05) and gaze duration
(t(19) D 9.75, p < 0.05; t(9) D 6.58 and 7.24 for English and
French, respectively, p < 0.05). The higher the frequency
of a given word n, the less time was spent processing it
(285 § 6.80 vs. 232 § 6.80 ms for low- and high-frequency
words, respectively). Lexical frequency did not exert a
signiWcant inXuence on the number of Wxations (t < 1),
suggesting that modulation to measured gaze resulted
from longer, rather than more, Wxations (231 § 2.50 vs.
213 § 2.50 ms for low- and high-frequency words, respec-
tively). This was not the case for word length. Longer
words received more Wxations (1.08 § 0.04 vs. 1.30 § 0.04
Wxations for short vs. long words; t(19) D 9.68, p < 0.05;
t(9) D 7.46 and 6.44 for English and French, respectively,
p < 0.05), and this was reXected in longer associated gaze
duration (227 § 9.23 vs. 292 § 9.23 ms for short vs. long
words; t(19) D 10.04, p < 0.05, t (9) D 7.12 and 7.90 for
English and French, respectively, p < 0.05). There was an
eVect of word length on Wrst Wxation duration in the
combined analysis, t(19) D 3.68, p < 0.05, but this was
actually signiWcant only in the analysis conducted for
French 233 § 4.64 vs. 254 § 4.64 for short and long
words, respectively, t(9) D 3.54, p < 0.05. No signiWcant
eVect was present in the English texts (t (9) D 1.76).
3.4.2. Word n informativeness
It will be recalled that this measure corresponds to the
number of words of the same length sharing their initial
trigram with a deWned word n. Informativeness exerted
an inXuence on gaze duration (t (19) D 7.08, p < 0.05;
t(9) D 5.30 and 5.51 for English and French, respectively,
p < 0.05) and on number of Wxations (t(19) D 7.74,
p < 0.05; t(9) D 7.51 and 4.52 for English and French,
respectively, p < 0.05). However, the discrepancy between
the negative sign of the regression coeYcients and the
mean values obtained by median split points to the possi-
bility of high-order interactions and the form these might
take is shown in Fig. 5. As can be seen from this Wgure,
informativeness mainly exerted its inXuence for long low-
frequency words. In view of this, a further regression
analysis was conducted for the measure of gaze duration,
with a three-way interaction term (Length x Frequency x
Informativeness) added to the list of independent vari-
ables. The outcome was signiWcant (t(19) D 4.44, p < 0.05).
The pattern of results is consistent with the diVerential
eVects of foveal (and parafoveal) length discussed by
Kennedy et al. (2002). Identifying a long low-frequency
word involves prior identiWcation of its component let-
ters whereas short high-frequency word may be identiWed
in one single glance (Rice & Robinson, 1975). Initial let-
ters activate lexical candidates in parallel and the compe-tition for identiWcation will be reXected in longer
processing time. However, in the case of a low-frequency
word, the set of lexical candidates initially activated is
likely to comprise at least one higher frequency competi-
tors and when the initial letters are informative (i.e.,
relatively highly constrained), a higher frequency com-
petitor may be very salient, possibly to the point of false
recognition.
3.5. Parafoveal-on-foveal eVects
In this section, we discuss the inXuence of properties of
word n + 1 on foveal inspection strategy (Wrst Wxation dura-
tion, number of Wxation and gaze duration). Parafoveal-on-
foveal eVects of this kind were found in the data set, but
their size and direction diVered for English and French.
Consequently, t-tests for independent groups were com-
puted for each independent variables to determine the
degree to which the diVerences reXected particular inspec-
tion strategies.
3.5.1. Parafoveal length
There was a signiWcant parafoveal-on-foveal eVect of
word length on the number of Wxations. This was in an
unorthodox direction (i.e., the longer word n + 1, the fewer
Wxations on word n, t(9) D 3.25, p < 0.05), restricted to the
English data set. The language diVerence was signiWcant
(t(18) D 2.38, p < 0.05), although the apparent diVerence in
the opposite direction in the French data was not signiW-
cant (t(9) < 1). This outcome should be interpreted with
great caution because the diVerence between the two cor-
responding mean values fell within the 95% conWdence
interval (1.14 § 0.01 vs. 1.15 § 0.01 for short vs. long par-
Fig. 5. Gaze duration on short (a) and long words (b) as a function of their
frequency and the informativeness of their three initial letters.
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data for the two languages, was not signiWcant
(t(19) D 1.73, n.s.), and no equivalent eVect was evident of
parafoveal length on either Wrst Wxation duration
(t(19) D 1.56, n.s.; t(9) D 0.63 and 1.43 for English and
French respectively, n.s.) or gaze duration (t(19) D 1.88,
n.s.; t(9) D 2.07 and 0.80 for English and French, respec-
tively, n.s.).
3.5.2. Parafoveal frequency
There was a signiWcant parafoveal-on-foveal eVect of
word frequency on foveal gaze duration. This was in an
orthodox direction in the sense that the more frequent
word n + 1, the shorter the gaze duration on word n
(t(19) D 5.14, p < 0.05). However, although running in the
same direction for French, the eVect was only signiWcant
for English (t(9) D 8.03, p < 0.05 for English; t (9) D 2.08,
n.s. for French). The corresponding mean gaze durations
for English were 231 § 3.42 vs. 223 § 3.42 ms for low and
high frequency parafoveal words respectively (the two
classes obtained by median split). The obtained parafo-
veal modulation of foveal gaze in English resulted primar-
ily from a decrease in the number of Wxations (1.16 § 0.01
vs. 1.14 § 0.01 for low- and high-frequency words respec-
tively, t(9) D 5.28, p < 0.05 for English), but Wrst Wxation
duration was also slightly (and signiWcantly) shorter
(202 § 3.02 vs. 199 § 3.02 ms for low- and high-frequency
words respectively, t(9) D 2.43, p < 0.05).
This outcome appears to contrast with our earlier anal-
ysis of language diVerences (Kennedy & Pynte, 2005),
where signiWcant eVects of parafoveal frequency on foveal
processing time were found for both French and English.
However, in that study, parafoveal-on-foveal eVects of
frequency were restricted to instances where the foveal
word was short and the eVect was examined for only a
restricted set of matched parafoveal word lengths, with no
constraint on launch position. As noted in the Section 1, it
is a property of the French language overall that texts will
contain signiWcantly more long words. This apparently
acted to mask eVects in the present analysis (obviously
involving all word lengths above two characters) and
reduced a signiWcant eVect of parafoveal word frequency
to a non-signiWcant trend. Clearly, if this interpretation is
correct, sub-lexical parafoveal-on-foveal eVects (i.e.,
eVects of initial letter informativeness) should be evident
in French, and we examine this in the next section. For the
present it should be noted that the orthodox direction of
the obtained frequency eVect (in both languages) is consis-
tent with other studies showing parafoveal-on-foveal
eVects of word frequency with short foveal words (Ken-
nedy, 2000; Kennedy & Pynte, 2005; Kennedy et al., 2002).
Further conWrmation of this outcome is important,
because the existence of high-level parafoveal-on-foveal
eVects has been the subject of considerable dispute (see
Henderson & Ferreira, 1993 ; Just & Carpenter, 1980;
Rayner et al., 1998, for opposite results; and Altarriba,
Kambe, Pollatsek, & Rayner, 2001; Rayner et al., 2003;Schroyens, Vitu, Brysbaert, & d’Ydewalle, 1999, for a dis-
cussion).
3.5.3. Parafoveal informativeness
Although there were no reliable eVects of lexical fre-
quency in French, the initial letter informativeness of
word n + 1 had very marked eVects on foveal inspection
strategy. Longer foveal gaze duration (295 § 3.83 vs.
284 § 3.83 ms) and more foveal Wxations (1.24 § 0.01 vs.
1.21 § 0.01 Wxations) were all signiWcantly associated
with parafoveal words having informative initial letters
in French (t(9) D 3.58, and 3.52, p < 0.05, for gaze dura-
tion and number of Wxations respectively). No diVerence
is evident in the English data set for gaze duration (t < 1),
and the apparent diVerence in the opposite direction
observed for number of Wxations was not signiWcant and
(t (9) D 1.65, n.s.). The diVerence between the two lan-
guages was signiWcant both for the measure of gaze dura-
tion and number of Wxations (t(18) D 2.90 and 3.83,
p < 0.05, respectively). The outcome with regard to infor-
mativeness, a sub-lexical property, lends support to the
interpretation of the language diVerence noted in Section
3.5.2. SigniWcant parafoveal-on-foveal eVects of lexical
frequency found for English are consistent with a higher
probability that parafoveal words will be completely
identiWable in a language where words are shorter over-
all. In the case of French, parafoveal words are less likely
to be completely identiWed, but an eVect is plainly exerted
from their initial letters. This interpretation is also in line
with the fact that Kennedy and Pynte (2005) found lexi-
cal parafoveal-on-foveal eVects with short parafoveal
words, but only sub-lexical eVects with long parafoveal
words.
3.5.4. Summary of parafoveal-on-foveal eVects
English readers appear sensitive to word n + 1 length and
lexical frequency, whereas French readers show equivalent
eVects of initial trigram informativeness. In both cases, the
eVects are more compatible with parallel processing than
with the strictly serial mechanism characteristic of models
like E-Z Reader and we expand on this point in the General
Discussion. The most plausible explanation for the obtained
language diVerences relates to diVerences in average word
length in the two languages. Shorter average word length in
English results in words being relatively more often visible
as a whole in the parafovea, relatively more often fully iden-
tiWed, and relatively more often exerting reliable parafoveal-
on-foveal eVects of lexical frequency. In the case of French,
the presence of more longer words overall results in fewer
cases where a whole word can be identiWed in the parafovea
and fewer cases where its length can be accurately estimated.
The fact that length variability is higher in French means
that, for a given French word, readers may also have a lower
global expectation that the succeeding word will be visible
enough to be identiWed. Nonetheless, initial letters in the
parafovea were apparently visible and their properties inXu-
enced current foveal processing.
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Before considering novel observations arising from
these Multiple Regression Analyses, it is worth noting
that our data, broadly speaking, replicate a number of
Wndings already documented in the literature. With
regard to the “when?” decision, gaze duration on a given
word, in both languages, varied as a function of its length
and frequency. The shorter a given word and the higher
its frequency, the less time was spent processing it. The
eVects were found to be driven by Wxation duration in
the case of frequency and by the number of Wxations in
the case of length (Rayner, Sereno, & Raney, 1996). Our
Wndings also conWrm a number of eVects relating to pre-
view beneWt; in particular, the fact that the inXuence of
lexical frequency on Wrst Wxation duration is modulated
by parafoveal preview (InhoV & Rayner, 1986); and that
preview beneWt is a function of the size of the incoming
saccade (Radach & Heller, 2000; Vitu, McConkie, Kerr,
& O’Regan, 2001; but see McDonald, 2005). With regard
to the “where?” decision, our data conWrm that skipping
probability varies as a function of both the length and
lexical frequency of the skipped word (Brysbaert & Vitu,
1998; Brysbaert et al., 2005; Hyönä, 1995; McConkie
et al., 1988; Rayner, 1998).
With the exception of skipping probability, these eVects
all relate to properties of a given foveated word, what we
refer to in Section 2.3 as “properties of word n”. However,
our results also indicate that the visual inspection of word n
is inXuenced by the length of the immediately preceding
words, by properties of the following (parafoveal) word, by
global properties deWned beyond the level of the word, and
by the position of the word relative to the screen boundary.
Importantly, interactions between local and global proper-
ties were quite modest, and almost entirely conWned to vari-
ations in skipping probability. This suggests that local and
global sources of control identiWed in the present study
were, to a great extent, independent of each other and, as
suggested in the Introduction, bear on quite diVerent theo-
retical issues.
4.1. Local context eVects: the parallel vs. serial issue
The results show that the time spent on a given word n is
inXuenced by the length of the two immediately preceding
words, an outcome consistent (as far as word n ¡ 1 is con-
cerned) with the Wndings of Kliegl et al. (2006) Moreover,
the time spent on word n varied as a function of two, some-
what diVerent, properties of word n + 1. In English, the
eVect was driven by lexical frequency, with shorter gaze
duration on word n associated with cases where word n + 1
was of higher frequency. This is further conWrmation that
high-level extra-foveal information may exert an early
inXuence during foveal inspection and saccade program-
ming. In French, longer gaze duration was found when the
beginning letters of a parafoveal word deWned a smaller
candidate set (i.e., a relatively informative word n + 1), anoutcome consistent with the Wndings of Kennedy and Pynte
(2005) for long parafoveal words. Our results thus suggest
that parafoveal information directly inXuences foveal
inspection parameters. As noted in Section 3.5.2, the possi-
bility of parafoveal cross-talk of any kind remains strongly
contested, with claims that the eVects are restricted to artiW-
cial laboratory tasks involving visual search rather than
reading proper; or can only be detected in large-scale cor-
pus analyses, with poor control over (admittedly unspeci-
Wed) confounds; or arise as a function of the mis-allocation
of Wxations in data analysis. Taking these objections in
turn, since the present data relate to normal reading of
extended text we believe the “artiWciality” objection must
fail. It is true that multiple regression analyses are not
directly analogous to factorial experiments, but it is not
obvious why this should lead to such a systematic pattern
of artifact. Finally, there is merit in the argument that
mis-allocation of Wxations may indeed be a source of arti-
fact (see, for example, the interpretation of an obtained
“Inverted Optimal Viewing Position” eVect suggested by
Nuthmann, Engbert, & Kliegl, 2005). But the pattern of
parafoveal-on-foveal eVects in the present data set, involv-
ing lexical frequency and initial letter constraint, taken
together with diVerential eVects across languages, makes it
very implausible that something akin to calibration error
could be their primary source. We acknowledge the theoret-
ical cost involved in arguing for a degree of parallel pro-
cessing, but believe our data point in that direction.
4.2. Sensitivity to average length: the tuning of inspection 
parameters
The average length of sequences of words no longer in
the visible span also has a signiWcant impact on inspec-
tion strategy (see Sections 3.1.2 and 3.2.2). That is, not
only the length of the immediately visible local environ-
ment (typically restricted to two or three words at most),
but purely statistical global knowledge, determines the
pattern of eye movements over text. Global sources of
inXuence of this kind aVected both the “where?” and the
“when?” decisions. Note however that the distinction
between inspection strategy (where?) and foveal inspec-
tion (when?) is somewhat artiWcial, since the way a word
is eventually inspected (and the amount of parafoveal
inXuence likely to occur) critically depends on parame-
ters of the entering saccade. This may provide the sim-
plest explanation of the average length eVect obtained for
gaze duration in English. The distinction is particularly
subtle when a given word is skipped, since the “where?”
decision in that case is almost certainly a reXection of
whether or not a parafoveal word could be identiWed. For
example, in Section 3.2 we add further weight to the data
showing that skipping probability increases as a function
of the lexical frequency of the target. Assuming the word
is actually visible, this outcome can be accounted for by
assuming that a non-Wxated target is identiWed while the
eyes are still Wxating word n. Such a de-coupling of visual
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of the E-Z Reader model: a parafoveal word is assumed
to be processed after attention, but not necessarily overt
eye gaze, has shifted to the parafovea. In contrast, paral-
lel processing models like SWIFT point to an integrated
account of eye-movement control in reading in which
landing position in words, within-word reWxations and
word skipping are all contingent on moment-to-moment
lexical activation over a visual Weld encompassing many
words. The Visibility Hypothesis raises the possibility
that inter- and intra-word inspection strategies develop
on the basis of information about the relative visibility of
potential targets accumulated over adjacent words. From
this perspective, word-length plays a more crucial role
even than lexical frequency, because ultimately it is target
length that constrains the level of processing possible (see
Kennedy et al., 2002, for an extended discussion of the
interaction of foveal and parafoveal words length gov-
erning processing strategy).
4.3. Rank position in line: the span of inspection strategies
In the framework of parallel models, parameters of
within-word visual inspection are controlled in part by
inspection strategies developed over several adjacent
words. In this context, the Wnding that they vary as a
function of the rank position of a given word in the line
of text (see Sections 3.1.2 and 3.2.2) raises the question of
the span over which such inspection strategies can be
developed, and the degree of parallelism involved on the
motor side of visual inspection. Apparently, the “where?”
decision in particular is capable of being modulated, or
tuned, by properties deWned well beyond the level of the
word. Saccade extent, in particular, seems to be partly
determined as a function of a motor program prepared
for the whole line of text. This idea is certainly not new. A
similar notion, for example, can be found for example in
the “Statagey-Tactics” model (O’Regan & Lévy-Schoen,
1987). Note that the question raised here is diVerent from
the one raised by the average length eVect discussed in the
previous section. The linguistic materials involved in the
average length eVect were neither visible in parafoveal
vision nor associated with any Wxed locations on the
screen. As a consequence, they cannot be accounted for
in terms of the span over which inspection strategies can
be developed. Rather, they correspond to a modulation
exerted by recent experience.
4.4. Language diVerences
Turning to the apparent language diVerences evident in
the data, our Wrst observation is that, notwithstanding the
quite pronounced diVerences in reading performance
shown in Table 2, English and French participants appear
to have employed remarkably similar (and remarkably
stable) Wne-grain inspection strategies (see Sparrow, Miel-
let, & Coello, 2003, for a similar conclusion). There are,nonetheless, important diVerences. For example, the
increase in gaze-duration as a function of the average
length of preceding words was signiWcant only for
English. Average word length, as we deWne it here, relates
to information deWned at a level beyond that of the partic-
ular word under inspection, or even the level of the imme-
diately preceding or following words, and may have
relatively little to do with diVerences in mean length
between languages. It is much more likely to be a property
extracted at the level of a particular text, because average
length will vary widely from text to text within a language.
On the other hand, knowledge of length variance is some-
thing that surely develops only with very extended experi-
ence with many texts in a particular language and it is
particularly interesting that language diVerences manifest
themselves in this measure. As length variance in French
decreases, gaze duration increases, suggesting that control
system parameters for native readers of French are set, as
a “default” state, to a somewhat higher degree of variabil-
ity than native readers of English. That is, length variance
is considerably greater in French texts; French readers
know this as a result of extended experience with the lan-
guage; and adjust appropriately. Indeed, a lack of vari-
ability may be experienced paradoxically as a source of
processing diYculty.
Although local changes in average length and in length
variance are obviously signiWcant, by far the most strik-
ing global property impacting on inspection strategy is
the fact that French words are, on average, longer than
English words. Consistent with the Visibility Hypothesis,
this has a marked impact on the kind of parafoveal infor-
mation that is normally accessible (or might be expected
to be normally available): lexical frequency in the case of
English, and initial letter informativeness in the case of
French. Although the diVerence is quite small, its eVects
are ampliWed by large diVerences in length variance, such
that a modest diVerence in word length appears to result
in a global processing penalty for readers of French.
More speciWcally, in French text, fewer cases arise on
average when the next word will be visible as a whole
(although its initial letters will, of course, be available). In
support of the notion that this is a uniquely parafoveal
source of inXuence, it is important to note that the infor-
mativeness of the initial three letters of a foveal word
inXuenced inspection strategy (entry saccade extent, skip-
ping probability, Wxation duration and gaze duration) in
completely analogous ways for both languages. It is the
informativeness of parafoveal words which has such dra-
matically diVerent eVects in the two languages. In other
words, in this instance, the apparent “language” eVect is,
in all probability, a reXection of a global “length” eVect.
Global properties of the two languages thus seem to
have an impact on the way words are inspected. French and
English participants adapted inspection strategies: either as
a response to speciWc properties of the texts they were con-
fronted with, or as a reXection of more enduring properties
of the language employed.
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Correlation between independent variables
Note: English data are presented in the top-right corner of the table, whereas French data are presented in the bottom-left corner.
Rank SD Mean n ¡ 3 n ¡ 2 n ¡ 1 Length Freq. Inf. n + 1 l. n + 1 f. n + 1 i.
rank ¡0.09 ¡0.14 ¡0.07 ¡0.08 ¡0.10 ¡0.09 0.03 ¡0.04 0 ¡0.01 0
n ¡ 4 ƒ n ¡ 10 SD ¡0.09 0.61 0.02 0.02 0.02 0.01 0.01 0 0.02 0.01 0.01
n ¡ 4 ƒ n ¡ 10 mean ¡0.13 0.61 ¡0.01 0.02 0.05 0.03 0 0.01 0.03 0 0.02
n ¡ 3 length ¡0.07 0 ¡0.04 ¡0.07 ¡0.02 0.02 ¡0.02 0.01 0 ¡0.01 ¡0.01
n ¡ 2 length ¡0.08 0.01 0.03 ¡0.17 ¡0.08 ¡0.04 0.07 0 0.02 ¡0.02 0.01
n ¡ 1 length ¡0.10 0.01 0.03 0.01 ¡0.17 ¡0.02 0 ¡0.03 ¡0.03 0.04 0.01
length ¡0.11 0.03 0.03 0.04 0 ¡0.11 ¡0.42 0.32 ¡0.02 0.06 ¡0.02
frequency 0.04 ¡0.01 0 ¡0.02 ¡0.01 0.20 ¡0.51 ¡0.09 0.13 ¡0.12 0.05
informativeness ¡0.04 0.02 0.01 0.01 0.02 ¡0.08 0.34 ¡0.21 ¡0.03 0.03 ¡0.01
n + 1 length ¡0.01 0.02 0.02 0.02 0.03 ¡0.02 ¡0.08 0.17 ¡0.04 ¡0.39 0.33
n + 1 frequency ¡0.02 0 0 0 ¡0.02 0.01 0.12 ¡0.14 0.07 ¡0.52 ¡0.10
n + 1 informativ. 0.01 0.02 0.01 0 0 0.01 ¡0.05 0.06 ¡0.03 0.32 ¡0.21References
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